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The toxicity of indoxyl sulfate to endothelial progenitor cells is
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Background: Uremic toxin, indoxyl sulfate (IS), may impair
proliferation and function of endothelial cells (ET) aswell as endothelial
progenitor cells (EPC). Nicotinic acid (niacin), a lipid-lowering drug, has
antioxidant effect. Methods & results: EPC were isolated from healthy
subjects and incubated with 1 mM IS. IS decreased the viability of EPC
by 34%, andwas restored by 1 mMniacin. IS did not induce apoptosis of
EPC, but increased autophage and senescence of EPC, which were all
restored by adding niacin. The ability ofmigration and tube formation of
EPC were 50% inhibited by IS. Niacin restored the migration of EPC by
40%, but not tube formation. IS signiﬁcantly increased ROS and heme
oxygenase-1 expression, and decreased the expression of eNOS and
VEGF. All these adverse effects of IS were antagonized by niacin.
Conclusion: Niacin had beneﬁcial effects on ET in uremic patients, in
addition to lipid-lowering effect, through its restoration of EPC function.
doi:10.1016/j.lfs.2013.12.135
Endothelin-1 does not alter macrophage phenotype
Rebecca C. Moorhousea, Neeraj Dhauna,b,
David J. Webba, David C. Kluthb
aCentre for Cardiovascular Science, Queen's Medical Research Institute,
University of Edinburgh, Edinburgh, UK
bCentre for Inﬂammation Research, Queen's Medical Research Institute,
University of Edinburgh, Edinburgh, UK
E-mail address: r.moorhouse@sms.ed.ac.uk (R.C. Moorhouse)
ET-1 and inﬂammation are involved in the pathogenesis of
hypertension. Macrophages, which are recruited to the inﬂamed
vasculature, express both endothelin-A and endothelin-B receptors.
Macrophages can also produce and release ET-1 but the precise effects of
ET-1 on macrophage phenotype are unclear. Bone marrow derived
macrophages (prepared from C57/BL6 mice) were stimulated for 24 h
with ET-1 (10–1000 pg/ml), LPS/INFγ (100 ng/ml and 10 ng/ml) and
IL4/IL13 (10 ng/ml). Cytokines (TNFα, IL 6 and IL 10) and ET-1 were
measured by ELISA and qRT-PCR and mRNA for iNOS, MCP-1, mannose
receptor and Arginase 1 by qRT-PCR. Whereas LPS/INFγ increased
production of TNFα, IL6 and IL10 and upregulated markers of classical
activation (iNOS and MCP-1) ET-1 did not. IL4/IL13 stimulation
upregulated markers of alternative activation (mannose receptor and
arginase 1) but ET-1 did not. In addition, ET-1 pre-treatment and co-
stimulation did not affect the response to LPS. In vitro ET-1 does not
activate macrophages to alter phenotype and also does not have a co-
stimulating effect with factors known to stimulate classical or alternative
activation. This suggests that ET-1 is not pro-inﬂammatory to macro-
phages and does not induce an alternative activation.
N= 4 repeated in triplicate, ⁎P b 0.001 compared to untreated control.
doi:10.1016/j.lfs.2013.12.136
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Background: Endothelin (ET) system plays a critical role in the
development of insulin resistance and type 2 diabetes. However, the
molecularmechanism for ET receptor (ETR) signaling activated by ET-1
in skeletal muscle remains to be determined. The purpose of this study
was to determine the signaling molecules involved in ET-1-stimulated
phosphorylation of extracellular signal-regulated kinases 1 and 2
(ERK1/2) in rat skeletal muscle (L6) cells. Methods: Change in the
phosphorylation level of ERK1/2 was analyzed by Western blot
experiment. Dominant negative dynamin (K44A) along with mono-
meric strawberry redﬂuorescent protein (RFP)was overexpressed in L6
cells using adenovirus-mediated gene transfer. Infection efﬁciency of
the adenovirus was determined by ﬂuorescence of RFP with ﬂow
cytometry. Results: ET-1 induced concentration-dependent phosphor-
ylation of ERK1/2 in L6 cells. The phosphorylation of ERK1/2 was
abolished by BQ-123 (a selective ETAR antagonist), YM-254890 (aGαq/
11 protein inhibitor), PD98059 (a mitogen-activated protein kinase/
ERK kinase 1/2 inhibitor), and AG370 (a platelet-derived growth factor
receptor (PDGFR) kinase inhibitor). The ERK1/2 phosphorylation in
response to ET-1was inhibited by overexpression of dominant negative
dynamin (K44A), which blocks clathrin-mediated endocytosis of cell
surface receptor. Conclusions: Gq/11 protein-coupled ETAR is involved
in the ET-1-induced phosphorylation of ERK1/2 in L6 cells. The ETAR-
mediated phosphorylation of ERK1/2 is dependent on transactivation of
PDGFR, which requires dynamin-dependent receptor internalization.
doi:10.1016/j.lfs.2013.12.137
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The current paradigm of G protein coupled receptor (GPCR)
signalling involves transactivation of protein tyrosine kinase receptors.
We utilised human vascular smoothmuscle cells (VSMC) to address the
question if a GPCR, the endothelin receptor, could transactivate a serine/
threonine kinase receptor, speciﬁcally the TGF-β receptor, TβRI.
Signalling molecules were assessed by Western blotting and proteo-
glycan synthesis by 35S-sulphate and 35S-Met/Cys incorporation and
molecular size by SDS-PAGE. Endothelin-1 treatment led to a time and
concentration dependent increase in cytosolic phosphoSmad2C which
was blocked by themixed endothelin receptor antagonist bosentan and
the TβRI antagonist SB431542. Endothelin-1 treatment led to a time-
dependent increase in nuclear phosphoSmad2C. Endothelin-1 stimu-
lated proteoglycan synthesis was partially blocked by SB431542 and
completely inhibited by bosentan. The effect of endothelin to stimulate
an increase in glycosaminoglycan size on biglycanwas also blocked in a
concentration-dependent manner by SB431542. These data extend the
current paradigm of GPCR signalling to include the transactivation of
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the serine kinase receptor for TGF-β (TβRI). This response will be
considered in the context of responses to endothelin-1 and the options
for therapeutically targeting endothelin-1 broadened to include
downstream signalling otherwise associated with TGF-β receptor
activation.
doi:10.1016/j.lfs.2013.12.138
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Endothelin (ET)-related receptors homologous to mammalian
receptors have been cloned from ﬁsh, indicating that ET-related
ligands may be present in this species. Here we cloned cDNAs
encoding preproendothelins (PPETs) from the intestinal cDNAlibrary.
Salmon ETs cDNAs encode 200 amino acids, including a 20-amino-
acid putativesignal sequence, as well as mature ETs, big ETs, and ET-
like sequences. This sequences together with other published PPET
sequences were used to analyze the phylogenetic relationship among
all ET family genes.
doi:10.1016/j.lfs.2013.12.139
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Endothelin-1 (ET-1) plays a crucial role in the development of
erectile dysfunction (ED). The Goto-Kakizaki (GK) rat is a non-obese
type 2 diabetes mellitus model, which displays ED and increased ET-
1 plasma levels. The present study tested the hypothesis that GK rats
display increased corpora cavernosa (CC) and internal pudendal
artery (IPA) contractions to ET-1 as a contributing mechanism for ED.
GK rats demonstrated impaired erectile function represented by
decreased ICP/MAP responses after cavernous nerve stimulation. In
GK rats contractile responses to ET-1 were decreased in both, CC
tissue [Control: 396.00 ± 10 vs GK: 168.00 ± 16.00; Emax, mN/μg of
tissue] and in IPA [Control: 25.00 ± 1.75 vs GK: 14.83 ± 1.66; Emax,
mN]. Gene expression of prepro-ET-1 [Control: 1.00 vs GK: 0.25
± 0.04] and ETB receptors [Control: 1.00 vs GK: 0.58 ± 0.09], but not
ETA receptors was decreased in CC from GK rats. In GK rats, CC
protein expression of ETA receptor [Control: 1.00 vs GK: 4.18
± 0.58], and phosphorylation of ERK 1/2 [Control: 1.00 vs GK: 1.31
± 0.09] were increased, whereas ETB receptor expression [Control:
1.00 vs GK: 0.75 ± 0.08], Cdc42 protein expression [Control: 1.00 vs
GK: 0.40 ± 0.08] and phosphorylation of MYPT-1 [Control: 1.00 vs
GK: 0.36 ± 0.15] were decreased. In conclusion, GK rats display ED
and exhibit decreased cavernosal and IPA reactivity to ET-1. Whereas
decreased phosphorylation of MYPT-1 and Cdc42 protein expression
may account for decreased ET-1 responses, it indicates that ED in GK
rats is not associated with augmented CC and IPA reactivity to ET-1.
doi:10.1016/j.lfs.2013.12.140
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Endothelin-2 (ET-2) is a potent vasoconstrictive peptide. Though
similar to ET-1, recent studies suggest that ET-2 may act through
distinct pathways, necessitating deeper study. ET-2 may play a role in
heart failure, inﬂammation, macular degeneration, and cancer metas-
tasis. It is transiently expressed and tightly regulated in the per-
iovulatory ovary, where it may aid ovulation by inducing constriction of
the follicular wall. Here, we present a transgenic mouse line that
expresses iCre (codon-improved Cre recombinase) under the regula-
tion of the promoter of the endothelin-2 (edn2) gene, which was
developed as a novel model for characterizing the expression of ET-2
and for conditional deletion of genes in cells where ET-2 is expressed. A
vector was generated containing iCre, a polyadenylation signal
sequence, and an frt-neomycin-resistance-frt cassette. Two homolo-
gous regions of the edn2 gene ﬂanking the ATG start codon were
isolated fromaBAC (bacterial artiﬁcial chromosome) clone and inserted
upstream and downstream of the iCre-pA-FNF cassette. Homologous
recombination was used to re-insert the cassette into the BAC plasmid.
Following puriﬁcation, the plasmid was inserted into fertilized eggs of
C57BL/6 mice through pronuclear injection, and resulting eggs were
implanted into pseudopregnant mice. Five Edn2-icre transgene-
containing lines of mice were established, and one line was bred with
ROSA26 reporter. Offspring were used to localize iCre-expressing cells
throughX-gal staining. Characterization of the staining pattern revealed
that iCre was expressed in granulosa cells of ovulatory follicles,
cardiomyocytes, the pituitary, and the liver. We expect this novel
mouse model to be a useful tool for future studies on the role of ET-2.
doi:10.1016/j.lfs.2013.12.141
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Purpose: In addition to the adrenergic and cholinergic nerves, the
cardiovascular tissues are also innervated by several peptidergic
neurons that mediate nonadrenergic noncholinergic (NANC) func-
tions. Among such neuropeptides, CGRP is released from capsaicin-
sensitive sensory neurons in peripheral organs. CGRP is known as
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